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Chemically Defined Diets from Viewpoint 
of Formation of Gallstones 
by 
HIROSHI T ANIMlIRA, MoTOICHI SETOY AMA, TosHIO KAMAT A, 
MAsAo NAGASE and YoRINORI HIKASA 
The 2nd Department of Surgery, Kyoto University, School of Medicine. 
(Director . Prof. Dr. Y oR1NoR1 H1KASA) 
Enteric tube feeding with formula diets in hospital is stil associated with diarr-
hea, abdominal distress and nausea, although enteric feeding is more desirable and 
physiological in the long term management of patients than total parenteral nutrition. 
Recently chemically defined, liquid, elemental diets have begun to be used clini-
cally, but the experiences of these diets are only for a few y号ars. In our previous 
studies, it has been demostrated that some chemically defined diets, especially glucose 
and fat-free diet, induced the formation of gallstones in hamsters. 
In the present study, the lithogenicity of a new commercial diet (Delmark Fee-
ding Formulaり preparedfor tube feeding was examined in hamsters in comparing 
with a chow diet, and our lithogenic solid or liquid diet. 
The animals fed with the Delmark Feeding Formula R showed good growth by 
drinking in avarage 50 ml per day per animal without diarrhea. Total serum protein 
level, especially albumin level, in this group was higher than that of animals fed 
with a chow diet. The serum cholesterol level was high in the animals fed with 
lithogenic solid diet, but was not high in the Delmark diet group. However, hyper-
glycemia and ketonuria were observed only in the latter group. 
In our lithogenic solid and liquid diet groups, gallstones were formed in 70~ a 
and goo 0 of hamsters respectively. Only one animal fed with Delmark Feeding 
FormulaH had a small pigment stone, but those fed with a chow diet had no gallstones. 
From these results, it has been confirmed that normal growth can be gained by 
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Delmark Feeding Formulaぺandthat over nutrition, such as induced by force tube 









































休重約lOOgのま症のハムスター40匹を， I ) 市販一般
飼育用同形食群（船橋農場（飼育用），千葉），!) 1じ
( I ) Chow Diet* 
Table 1. Elemental Compositions of Experimental Diets 
( Il ) Lithogenic 
Solid Diet 
(Jn) Lithogenic I ( ~· ） DELMARK 
Liquid Diet ' Feeding Formula·~ 
Crude Casein , Casein Amino Acids 
22.6 20.0 I 18.0 
Vegetable Oil Butter Fat I Ethyl Linolate 
6.4 10.0 ! 0.3 






Glucose Sugar & 
Corn Syrup Solid 

































本田嶋嘉雄実験動物学ー各論－p.438 1:UJfi書店 1972 
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Table 2. Compositions of Vitamin Mixtures 
Solid Diet (in lOOg di巴t) Liquid Diet (per liter) 
C I ) I co ( ][) （れ） J2* 
Vit. A LU. 950 2500 25000 4200 16000 
Vit. D I.U. 200 200 2000 333 140 
Vit. E mg 5 1 10 27.5 25 
Vit. C mg 30 37.5 375 75 250 
Folic acid mg 0.2 0.5 5 0.3 0.3 
Thiamin mg 1 1 10 1.9 2.5 
Rivoflavin mg 1 1.5 15 2.2 3.8 
Nicotinamide mg 5 10 100 16.7 18.8 
Vit. B6 mg 1 1 10 2.5 3.2 
Vit. B12 /lg 0.5 1 10 5.0 50 
Biotin mg 0.02 8.3 0.2 
Ca. pantothenate mg I 2 5 50 25 
Vit. K mg 1 5.5 5.5 
Cholin Chloride 150 500 1250 113 1250 
Inositol mg 50 125 
PABA mg 150 
*Jacob, M. et al : Federation Proc., 21・168,1965 
Table 3. Compositions of Minerals 
白山 Liquid Diet (per liter) 
(I) (][) ( ][) （日） Jz 
Calcium 1.2 0.4 4.8 1.3 4.8 
Phosphorus 0.8 0.5 4.0 1.3 3.7 
Iodine mg 100 11.5 0.13 11.5 
Iron mg 70 100 15 104 
Magnesium mg 0.4 0.1 0.1 0.3 0.3 
Copper mg 0.6 1.9 1.7 1.9 
Zinc mg O.Q3 3.3 12.5 3.3 
Potassium g 0.6 0.6 0.8 1.7 1.9 
Sodium g 0.4 0.2 1.5 0.9 1.4 
Manganese mg 6.0 29.2 3.3 29.2 
Cobalt mg 0.03 1.1 1.1 
Molybdenum mg 1.6 1.6 
Chloride g ? 0.1 1.8 1.7 1.5 
Aluminum mg 20 
Silicon mg 50 
学的成分に上る胆石形成固形食群， Jl）化学的成分に neapolis, Minnesota, U.S.A.）投与群の 4群に分け
よる胆石形成液体食lf，および日）現在アメリカで臨 て5週間飼育した．（各食餌の構成成分はTable1, 2, 3. 
床的に使用されているお，：，＇，抗体 f.tDelmark Feeding に示すごとくである）．各試獣は金網底のシングル・
Formula＇曾， (Delmark food service company, Min- ケージに入れ完全空気調整下にil"l1¥t26c. ;i,，＇＂主60＂，：二
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維持し，照明は午前9時から午後6時までとした． リット値，血小板数）および生化学的検査を行なつな
1) I 群および1群では食餌と水分は自由に摂取せし が，生化学的検査としては，血清総蛋白，アルブEン




摂取量の測定は食餌瓶の交換時闘を一定とし， 1日量 5) 開腹を行なL入肝を摘出し，その肉眼的所見およ
として算出した． び病理組織学的検査をも併せ行なった．
2) 体重測定は遡2回行ない，その際にケージの交換 6) 肝より摘出した胆嚢の内容をガラ ス板上に展開
をも行なった． し，胆石の有無を検討した．












Lithogenic Liquid Diet 



















体食は lCal/mlであり Table5 1：：：示す如く 1匹当り
の1日の摂取量は 50ml(50Cal）どなりこれを市販固
形食に換算するど大体 13g の摂取!i~；に相当することに
Table 4. Change of Bodyweight and Gallstone Formation in Hamsters 




Rate of Increas巴IFormation 
←19.6g + 17.89 Q 0/10 
+ 7.5 + 6.7 I 7/10 
-39.9 30.4 !i 9/10 
+31.4 十28.8 1 1110* 
( I ) Chow Diet ! 10 i 110.2 
( ][ ) Lithogenic Solid Diet I 10 I 112.0 
( ][) Lithogenic Liquid Diet I 10 











*a small pigment stone 
Table 5. Intake of Delmark Feeding Formula＇~＇ 
and Increase of Bodyweight (per day per animal) 
lW 2W 3W 4W 5W Mean 
Intake (ml) 43.6 49.2 54.3 53.0 54.3 50.4 

















































Table 6. Complete Blood Counts and Experimental Diets 
Diet 
Ht Hb Platelet 
g/ dl 10s /mmJ 
RBC i‘WBC 
1Q6/mm3 1Q3/mm:i 
( I ) Chow Diet 6.3土0.3本 I 3.4士1.3 13.9 . 0.9 1.9 ± 0.0 
( Il ) Lithogenic Solid Diet 7.7土0.2 i 8.0 2-5 17.3 ~ 0.3 1.8 -0.1 























Table 7. Biochemical Examinations of Serum and Exp巴rimentalDiets 
Diet Total Protein Albumin A/G To凶 B伽叫Di附 Bil凶 n
g/dl g/dl TT!g/dl mg/dl 
( I ) Chow Diet 0.2* i 35 0.1 1.0±0.1 0.4 0.0 0.1土0.0
( ][ ) Lithogenic Solid Diet 7.2 0.1 3.2 c 0.1 0.8:::0.1 0.4 0.0 0.1土0.0
(BI) Lithogenic Liquid Diet Ii 6-5 0.1 2.7二 0.1 0.7 0.1 0.3 0.0 0.1土0.0
(II) Delmark Feeding 
Formu]af~ ,! 7.0 0.1 3.8 ::0.1 1.2 0.1 0.4= 0.0 0.1土0.0
Diet j Cholesterol Blood Sugar ] G.O.T. i G.P.T. ] Alk-phos. I B.U.N. 
一一＿， ーー一一色紅型
< I ) I 245土3
mg/dl I mu/ml i mu［竺!_J_K__-A.U. ！一一一一旦虹旦
95 15 ! 179土10 I 108土14 I 12.3三 0.5 ］飢O
C n) 1 295 16 123ェ9 i 223 38 127土25 I 12.7土1.5 I 30 1 
（目） 1 197士18 98工11 i 157 ＝二31 • 47土8 i 8.2土1.0 i 43土4























































すなわち 1) 単純な内容， 2) 栄養素の交換が容易，
3) Naや脂肪なと’食餌内容の一部制限が出来る点で
( I ) Chow Diet 
Table 8. Urinalysis and Experimental Diets 
(JI ) Lithogenic Liquid Diet 
Urobilinogen I ＋ム＋ 十 十
Occult Blood i 
j;;;;;;;; 
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ているものである 17). しかも経静脈の Parenteral
























においては Vivonex(Eaton社， NewYork), Flex・ 
ical (Mead Johnson社，Pennsylvania),Condelid 72H 
(Schwartz Bio-Research社， NewYork), WTLR 
(Warren-Teed社， Ohio),Precision LR (Doyle社）























Table 9. Compositions of Elemental Diets used in U.S.A.17JI白
(per 1000 Cal) 
'Vi而画面一一寸Vivonex ! I 1 1 
A向叩J ,.',- I I I I Condelid 72H I Standard !High N比tro群 n] WT LR I Flexic ] Pr氏 isionLR l,sc1 
i (Eat叩） ! (Warren-
I Glucose I Glucose I I Starch Sucrose IMaltodextrins I "' I I I Dextrins I I I e Carbohydrate Oligosaccha- O!igosaccha- Oligosaccha・ !Sucrose .::iuuu出
(g) I rides 幻zI r耐 203I 226.6 I n加国 I 226.3 I 即
'Sy訂h訂1c -iSynthetic I , . I Case・n I I 
Protein amino acids amino ac吋Ammo武地 I hydrolysate I Egg ablum泊
(g) : 2i. I 45.5 I 1s.15 I 22 I 幻おi 3 7 
Linoleic acid I Linoleic acid I Linaleic acid I I I I I Soヅoil 80°, I Vegetable oil Fat (g) ! Tr凶y印刷eslTriglyα出 eslSafflower oil I M'tT 20% ! 
1.45 I 0.44 I 1.3 I 34.0 I 0.7 -
Minerals I I I ! 












Potassium 29.9 I 23.0 I 29.9 I 38.2 I 
Magnesium 16.0 i 6.6 I 18.3 ! 14.4 I 
Calcium 22.2 I 13.3 I 27.6 I 25.0 
Chloride ・ 50.8 I 52.5 I 88.6 I 35.8 


















































Table 10. Amino Acid Compositions 
of Liquid Diets 
(g/I) 
両ら IspolI 12 
L Isoleucine 8.45 5.日
L-Leucine 11.75 7.30 
Lysine・HCI 10.32 11.80 
L-Methionine 5.40 5.39 
L-Phenylalanine 12.80 7.63 
L-Threonine 5.96 5.00 
L Tryptophan 2.18 1.50 
L Valine 8.65 5.閃
L-Arginine・ HCJ 12.00 8.90 
L-Histidine・ H CI 6.00 3.38 
L Aspartic acid 6.00 2.30 
L-Glutamic acid 1.80 27.95 
L-Alanine 4.80 2.30 
L-Cystine 0.24 2.42 
Glycine 18.25 13.94 
L-Proline 2.40 2.30 
L Serine 2.40 2.30 
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